Si-rich SiO 2 films (SRO) and Er-doped, Si-rich SiO 2 films (Er:SRO) were deposited by reactive RF magnetron co-sputtering followed by thermal annealing in a nitrogen atmosphere in order to investigate the optimum condition for efficient 1.54 m emission. Reference Er in stoichiometric SiO 2 (Er:SiO 2 ) films were deposited for comparison. The room temperature photoluminescence intensity of SRO films without Er was found to be maximized at 38 at% Si after annealing at 1100 °C for 1 hour. On the contrary, we found that the maximized Er photoluminescence of Er:SRO with 38 at% Si and an Er concentration of 10 20 cm -3 occurred for annealing temperatures between 600 °C and 800 °C. Under these conditions the 1.54 m Er emission is enhanced by more than two orders of magnitude relative to Er:SiO 2 samples while negligible SRO emission is observed.
INTRODUCTION
The recent discovery of efficient energy transfer between silicon nanocrystals (Si-nc's) and Er ions has initiated an entirely new approach that profits from both the advantages of quantum size effects in Si and rare earth doping, promising a new route towards the integration of CMOS technologies with 1.54 m light sources. [1] [2] [3] [4] In particular, it has been shown that the Er excitation cross section in the presence of Si-nc can be enhanced by more than two orders of magnitude with respect to Er in stoichiometric SiO 2 (Er:SiO 2 ). [5] [6] However, the nucleation of crystalline and efficient light emitting Si-nc's generally requires annealing temperatures in excess of 1100 °C, limiting CMOS compatibility. Surprisingly, Franzò et al 7 demonstrated strong Er sensitization for Si-rich oxide (SRO) samples annealed at temperatures as low as 800 °C, where only small and amorphous Si clusters nucleate. In this paper we report on strong Er emission enhancement in Er:SRO films annealed at 600 °C, allowing full CMOS compatibility.
EXPERIMENTAL DETAILS
Er:SRO films were deposited on Si substrates through reactive RF magnetron cosputtering from Er and Si targets in an O 2 /Ar atmosphere using a Kurt J. Lesker Co. CMS 18 sputtering system. 8 The Si/O ratio incorporated in the film was controlled by varying the power applied to the Si target and the amount of O 2 in the gas mixture. The Er concentration was controlled independently of the Si content by varying the power on the Er target. By correlating film composition, measured through Rutherford Backscattering Spectroscopy, to the deposition parameters, a process was developed for achieving Si contents between 33 at% and 53 at% and an Er concentration of 10 20 cm -3 . After deposition, all samples were annealed for 1 hour in a N 2 atmosphere at 600 °C, 900 °C and 1100 °C to activate Er emission. Si-nc's were observed through plan view transmission electron microscopy (TEM) using a JEOL JEM-2010 microscope. Photoluminescence (PL) spectra were measured at room temperature U.S. Government work not protected by U.S. copyright with a calibrated OSA ANDO AQ-6315 Optical Spectrum Analyzer using the 488 nm wavelength of an Ar laser. Figure 1 (a) shows the room temperature (RT) integrated photoluminescence intensity obtained for different SRO samples, without Er, as a function of at% Si. We observed a clear optimization curve with maximum light emission obtained for 38 at% Si, suggesting the occurrence of a competitive interplay between Si cluster sizes, emission efficiencies and cluster densities. The typical RT PL spectrum of the optimized SRO film (without Er, ~200 nm film thickness, 38 at% Si) annealed at 1100 °C is shown in Figure 1 (b). At this optimum Si content, the electron diffraction and TEM image in the inset of Figure  1 (b, inset) shows the presence of Si-nc's with different crystal orientations and a 3 nm average radius.
DISCUSSION
When Er is added through co-sputtering to samples with 38 at% Si the Er emission is enhanced due to energy transfer from the SRO matrix. The 1.54 m emission is enhanced by 6 times with respect to the reference Er:SiO 2 sample when the Er:SRO films are annealed at 1100 °C (Figure 2 , dash-dot line). However, when Er:SRO films are annealed at 600 °C, a higher Er emission enhancement factor up to 200 (Figure 2 , dot line) and a narrower Er emission profile ( Figure 3) were observed. We notice that for SRO samples annealed at 600 °C no clear evidence of Si cluster nucleation was detected by TEM analysis.
CONCLUSIONS
In conclusion, we fabricated Er:SRO samples by reactive RF magnetron sputtering followed by thermal annealing. Maximized Er light emission was demonstrated for annealing temperatures in the range of 600 -800 °C, which is much lower than the annealing temperature required to obtain efficient SRO light emission. These Er:SRO films can be used for the fabrication of compact waveguide optical amplifiers and integrated light sources with full CMOS compatibility.
